Hydrological behavior of pervious pavements during rainfall events is a complex process that is affected by many factors such as surface type, aggregates nature, layer thickness, rainfall height, rainfall intensity and the preceding dry period. In order to determine the influence of construction materials on the runoff attenuation capacity of pervious pavements sixteen laboratory models were created with four different cross sections obtained by combining two pervious surfaces and two sub-
ns pollu n 2010) and caused increasing runoff volumes (Ferguson 2005) . In lowland urbanized areas, this situation leads to flooding problems for surpassing the drainage capacity of conventional systems. The sustainable flood risk management approach is gaining ground worldwide and the integration of control measures for runoff management in urban development is becoming increasingly important to mitigate the problems related to stormwater management (Dietz 2007) .
One of the main solutions to reduce runoff volumes in urbanized areas is the substitution of impervious surfaces by permeable ones (Sañudo-Fontaneda et al. 2014a) , allowing runoff to infiltrate into the ff to infiltr ff to ground. In fact, McBride and Knapton (2006) pointed out that the use of pervious surfaces in new of perv f pe ious surfaces surf urban development allows the permeability levels of natural land to be ma and to be m intained intained. Moreover, nd a to be maint retrofitting of impervious areas in urban centers, replacing them with perm m with permeab eable surfaces, helps control th permeab runoff directly in the origin, increasing the amount of infiltrated water and reducing runoff volumes infiltrated water and r nfiltrated water and (Sañudo-Fontaneda et al. 2014b ). Specifically, permeable surfaces, which can resist traffic loads, have meable surfaces, whic meable surfac s and es and pollu nd tants in ur tants in urb pollutants in ur been widely used to mitigate runoff volum an areas (Scholz and Grabowiecki 2007) . The main advantage of using pervious pavements is the reduction of the runoff volume that pervious pave ervious paveme ts s ments flows into sewage systems (Schlüter and Jefferies 2002) . Moreover, the application of these techniques ter and Jefferies with light rainfall intensities, the co nsities, the complete d ities, the complete mplete disappearance of runoff (Brattebo and Booth 2003; Collins et al. 2008) .
n after the end of the rainfall event. They observed delays in the range of 5-10 min between the start of the rainfall event and the beginning of the outflow. The variability found in those results was mainly related to the sub-base aggregates used in the construction of pervious pavements (Bond et al. 1999) and other hydrological parameters such as rainfall intensity, rainfall volumes and length of dry period between rainfall events (Pratt et al. 1995) .
The hydrological performance of pervious pavement systems is complex due to the different factors rological performance ological performance that determ ne their behavior over time. Pratt i mine their beha mine th et al (1989, 1995) found that outflow intensities from permeable pavements were 30% lower than rainfall intensities, delaying the outflow and prolonging it me men laboratory study was developed. Successive rainfall simulations were applied to different permeable ns were applied to dif were applied to dif pavement cross sections registering the lag times, retained d rainfalls, times to p rainfalls, times to p rainfalls, times to peak and peak outflows, e in order to study the differences in their hydrological performance depending on the materials used. performance depen performance depe results obt cal Therefore, for assessing only the materials' influence, no clogging effects were studied in the present flue luence, no clogging e nce, no clogging research, limiting the applicability of the results obtained to the field, where the surface characteristics ained to th ained re can affect the clogging influence on the hydrological behavior of permeable pavements. n the hydrolog n the hydrological beh ica
Materials and Methods ods ods
Two sub-base aggregate m terials, with different characteristics were used: limestone and recycled e aggregate m terials e aggregate materi aggregate from construction and demolition debris. The gradations used were quite similar for both te from construction te from construction aggregates ( Fig.1a ), resulting in similar air void content. The water absorption capacities according to Fig.1a ), res Fig.1 UNE-EN 1097-6 were 1.6% for limestone and 9.4% for recycled aggregates; while the particle densities were 2702 kg/m³ for limestone and 2554 kg/m³ for recycled aggregates.
In order to study the influence of the different infiltration processes induced by porous and permeable surfaces, two different surfaces were selected: ator u /s.
•Interlocking Concrete Blocks (ICB) with dimensions 100x200x100 mm and 4 permeable semi-elliptical slots of 100 mm².
•Porous Asphalt with a nominal maximum aggregate size of 12 mm made with limestone aggregates and polymer-modified bituminous binder, resulting in a mixture with 20±1% of total air voids.
Four permeable pavement cross sections were obtained by combining the two permeable surfaces with meab eab the two aggregate materials (Fig. 1b The simulated rainfall events were 50 mm in height and lasted 1 hour, resulting in a similar rainfall dies (Rodriguez-H . 2014b). In order to Sañudo-Fontaneda et al. 2014b) . In order to reduce the influence of one simulated rainfall on the 014b). In orde following one, the dry period between successive simulations was fixed at two weeks. Four different dry period betw dry period between s een s lators were construct rainfall simulators were constructed in order to test simultaneously the four replicas of each cross s were constru section. The rainfall simu ulato lators were built using cylindrical containers with droppers at their bottom. The rainfall sim The rainfall sim lat covered by The surface covered by the droppers was 0.05m² so filling the containers with 2500ml a 50 mm of cove rainfall height was simulated. By modifying the number of droppers, different rainfall durations can be obtained. The preliminary tests had shown that by using 18 droppers, the simulated rainfall events lasted 1 hour, fulfilling the experimental design requirements. The droppers were placed covering a circular area slightly lower than the tested surface area in order to reduce possible edge effects and distilled water was used for simulating rainfall in order to avoid the progressive clogging of the droppers, which can affect the simulated rainfall characteristics. During the monitoring period, three control tests were carried out for each rainfall simulator, measuring the cumulated rainfall volumes during the simulated rainfall events. The data obtained was mathematically modelled by polynomial distributions reaching determination coefficients higher than 0.9. By using the mathematical models obtained, the 5-minutes interval rainfall intensity was calculated for each rainfall simulator, and the results obtained are shown in Fig. 2a .
Sixteen laboratory models of pervious pavements, corresponding to the four different cross sections were constructed in cylindrical containers. The containers were perforated at the bottom, he bottom he b , a ot allowing the collection of the water drained through the cross section. The surface layer was peripherally sealed ayer was peripherally yer was periphe with polyurethane foam in order to minimize the possible edge effects attributable to the container ffect fect attributable to s wi inside a plastic bucket which was weighed after the rainfall simulation in order to verify the total ighed after the rainfa ighed after the rain outflow volume. The experimental setup used can be seen in Fig. 2b . al se setup used can be se tup used s s attributabl walls, providing an effective surface area of 0.05 m².. The rain sim lators were mounted on support ain sim lators were m mulators w structures placed 50cm above the permeable surface and a funnel was placed under each laboratory nd a funnel was place nd a funnel was plac model in order to collect the infiltrated water. The outflow was conducted to little rain gauges that e outflow was condu e outflow wa were used to register the cumulated volumes with a precision of 7.2 ml. Each rain gauge was placed th with a precision of 7 a precision of fall s lations two d
After the laboratory models were mounted, 32 rainfall simulations were applied to the permeable els were mounted, 3 s were mounted, 3 pavement structures over 64 weeks resulting in 1600mm of rainfall applied to each laboratory model. over 64 weeks resulti over 64 weeks result For all the rainfall s si i im mu ulations tw lations two different stormwater retention para u meters were measured: m e elaps from the perm the permea the p eable pavement.
•L e: tim Lag Ti Lag Time: tim e: time elap e elapsed between the beginning of the rainfall and the beginning of the outflow •Retained Rainfall: difference between the cumulated outflow 48 hours after finalizing the rainfall simulation and the rainfall volume simulated.
Moreover, every 8 weeks the cumulated outflow volumes from the different laboratory models were registered during the simulated rainfalls with a maximum frequency interval of 5 minutes. These u a l a volumes were mathematically modelled and the 5-minute interval outflow intensities were calculated for each cross section in order to obtain the main indicators of the runoff attenuation capacity:
•The Peak Outflow, defined as the maximum 5-minute outflow intensity from the permeable pavement structure during the rainfall simulation.
•The Time to Peak, or the time passed between the beginning of the rainfall event and the occurrence of the Peak Outflow.
ables the study of th Finally, the obtained data was divided into two groups: a first group that enables the study of the shortmu mula ations were studie t 16 rainfall sim lat considered; and a second group in which the last 16 rainfall sim lations were studied. Moreover, as bles the stud term performance of the cross sections tested, in which the first 16 rainfall sim lations ainfall simu u ula were ons were studie was necessary, the obtained results were statistically analyzed by using SPSS software in order to The values of Lag Time and Retained Rainfall obtained were grouped and statistically analyzed in order to compare the different cross sections during the two stages into which the monitoring period was divided. The box plots of the average results obtained by the four replicas of each cross section tested during each stage and the outlier values of the data distributions are shown in Fig. 4 . It can be observed that the outliers of the Lag Time data distribution correspond to the values obtained in the first rainfall events showed in Fig. 3 . These values, although considered extreme from the statistical point of view, were also representative of the materials influence in the short term eable surfaces were n between the different perm aggregates. As discussed previously, the concentrated water flows through the permeable joints of ICB discu disc surfaces progressively developed preferential paths. The fine particles were progressively washed off by the infiltrated water until they reached the bottom geotextile at the end of the preferential paths.
Finally, these particles were retained by the bottom geotextile progressively clogging the end of the preferential paths, increasing the influence of the aggregate nature in the Peak Outflow values. For the BA cross section, the slightly lower content of fine particles and the lower absorption capacity of the , u , u aggregates lead to higher Peak Outflow. On the other hand, in BR cross sections the higher content of fine particles increases the clogging level at the end of the preferential paths and the higher water absorption capacity of the aggregates reduced the Peak Outflow values resulting in the observed differences between these cross sections. 
Conclusions

